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Mississippi State University has a subsonic closed return wind tunnel facility with an
open test section configuration. This research analyzes the test section flow quality using a
numerical approach and explain how the diffuser collector suppresses unsteadiness. Previous
experiment assessed the flow quality at the wind tunnel without the collector, and velocity was
measured using a pitot-static probe and hot wire. The results show a numerical comparison
between the two configurations, with and without the diffuser’s collector, understand the effect
of the diffuser collector on steadiness and uniformity. This paper will describe the wind tunnel
facility and give further details about the measurements tools and the set up, and then introduce
the numerical method used and analyze the cases of study and their results.
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BACKGROUND
The closed return subsonic wind tunnel, located in Patterson Engineering Laboratories, is
one of few facilities owned by Mississippi State University. This wind tunnel was built by
Mississippi State University, and it has facilitated aeronautical tests and research for many years.
The wind tunnel test section has stayed open since the last research assessed by Chris Ham. His
research concluded the possibility to have an open test section design, and to run tests with no
flow problem and low turbulence. A six walls collector was added later on the downstream
direction of test section, to control the flow properties and the stability of the tunnel when
running at high speed. (Hamm 2009)
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Figure 1

Front view of the test section of the closed return subsonic wind tunnel and collector
on the upstream edge of the diffuser

Literature review of past studies
There are four basic types of wind tunnel; They are subsonic, transonic, supersonic and
hypersonic. They are named depending on the speed they produce. Wind tunnel configurations
can be either open or close return. Each configuration is used for a specific purpose of study. The
closed return wind tunnel for instance, insures flow uniformity in the test section due to the
presence of the corner vanes and flow straighteners close to the test section. It also has the
advantage of low cost operations, since the flow is generated by the fan inside the tunnel and
returned in the same loop with relatively small losses, so the fan does not have to constantly
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produce the energy to accelerate the flow. Last but not least closed return wind tunnels tend to
have quieter operations than open return wind tunnel, which has a lower construction cost.
Closed return wind tunnel consists from front to back of settling chamber, contraction cone, test
section, diffuser and driving fan and motor. The test section configuration can be either open or
closed depending on the goal of study. The open test section configuration without geometry
constraints, produces oscillatory flow because of the air unstable shear layer that interfaces with
the steady flow coming from the jet. The use of a collector to minimize these oscillations is
analyzed. Previous research subjects found studying several different collector configurations at
the entrance of the diffuser, which is mounted to the test section floor. The selection of the
collectors was based on the German-Dutch wind tunnel collector. (G. S. Manuel and John K.
Molloy, P Stephen Barna, 1992). The collector is a straight wall and has an air slot between the
trailing edge and the diffuser. It was concluded that the geometry of the collector gathered from
6 configurations reduces significantly the turbulence in the test section. The collectors with
straight long walls produced the best results. And the slot between the collector and the diffuser
greatly reduces the turbulence levels. Previous studies using the subsonic closed return wind
tunnel in Patterson Laboratories focused on unsteadiness of the flow along the jet in the open test
section configuration. The original subsonic wind tunnel had a closed test section and one screen
upstream. The screen had a wire diameter of 0.007 inches with 30 holes per inches. Additional
screens were added to reduce the turbulence in the test section. The new screens were of wire
diameter 0.003 inches with 30 holes per inch. To prevent the test section from vibrating, supports
were built in the test section independently from the tunnel. Measurements that were conducted
concerning the tunnel structure using an airfoil model and hot wire confirmed that the external
supports did not vibrate with the tunnel. The test section was opened by removing the closed
3

walls. It was found that flow properties and turbulence intensity of the flow were minimally
impacted in the center of the test section, and were comparable with the closed test section. Chris
Ham stated in his last research, that there was an odd phenomenon of an increase of velocity at
the diffuser entrance and oscillations at mid-range velocities. That was conducted without
collectors in an open test section (Chris Ham, 2009). A 6-straight walls collector was added in
the upstream edge of the diffuser to prevent the vibration of the wind tunnel walls in the midrange velocity, around 100ft/s, as well as the flow pulsations. The new configuration of the
closed return wind tunnel consists of an open test section that is 5 feet long and a collector at the
diffuser’s entry. The diffusers entrance has two slots in the corner and one at the bottom. The
collector is connected into the frame of the test section symmetrically at both sides.

4

EXPERIMENTAL SETUP
Introduction to the wind tunnel
The subsonic wind tunnel had an octagon closed test section that was about 4 ft wide, 3 ft
high, and 5 ft long. The conducted studies in the open test section were mainly done at a
maximum speed of 130 ft/s, with a turbulence intensity of approximately 0.5%. Originally the
closed wind tunnel could run up to 160 ft/s with a free stream intensity of an average of 2.00%.
The wind tunnel is driven by a 75 horsepower, 1200 rpm 440 Volt 3-phase constant speed
electric motor. The air velocity in the wind tunnel was controlled by varying the pitch of the
propeller blades by a 24 V D.C motor driving a 7096:1 reduction gear box. The wind tunnel has
an octagonal cross section that is almost constant except for the turning vanes and area of the
propeller. A differential pressure gauge is mounted in the wind tunnel near the test section and
provides differential pressure readings.

Total pressure probe measurements
Example The previous measurements that were conducted, were done using total pressure
probe and hot wire that were mounted in the traverse machine. The readings were first taken
using the Data Acquisition System and LabVIEW code to test the equipment and to
experimentally document the velocities at specific points at the test section. (Hamm 2009) The
probe was mounted to a steel plate fixed on an aluminum support mounting plate on the 3-axis
5

traverse. This support was adjusted so that the setting can be changed to take measurements
using either pressure probe or hot wire. The total pressure measured by the probe is connected to
one side of a Validyne model P305D-20 0.125PSID differential pressure transducer. The static
pressure in the tunnel was assumed to be equal to the ambient atmospheric pressure. The
differential pressure measured by the transducer was assumed to be the dynamic pressure at the
location of the probe. The signal from the pressure transducer was connected to a CB-68LP
screw terminal accessory board which was connected to a NI USB-6251 Mass Termination data
acquisition device. This device is a 16 bit A/D card. A calibrated program was used to correlate
the given pressure measurements in units of inches of water to velocity readings. The
measurements of the pressure probe were taken by plugging-in the static and total pressure tubes
to the differential pressure transducer (Validyne model) which in turn was connected to the CB68LP screw terminal accessory board. The Data Acquisition Mass Termination device NI USB6251 was connected to the screw terminal, and the appropriate LabVIEW code was launched.
The total pressure probe was calibrated, and then the measurements were taken in the middle of
the open test section to detect the basic flow velocity in the streamwise direction. The probe was
exposed to the streamwise flow direction, and the control system sampled the average of 10
measurements in each location, and the dynamic pressure was calculated. The wind tunnel
velocity was launched from the control room through the main panel. The data was then gathered
from the pressure probes. The appropriate velocities were calculated. The units were then
converted to meters per seconds for the purpose of the numerical analysis.
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NUMERICAL METHOD
Introduction to OpenFOAM 4.0
OpenFOAM is a free open source C++ toolbox that is used in solving complex
mathematical problems using numerical solvers, ranging from continuum mechanics to
molecular dynamics, including computational fluid dynamics problems. For these reasons it was
chosen as a computational solver for this research. The model of the test was considered 2D. The
test section is considered symmetrical because of the symmetric design of the test section area,
including the diffusers collector. The case was assumed to be compressible. Initial conditions
were specified in BlockMesh file, x and y-directions spacing, and number of grids in each
direction. Initial Pressure and Velocity were defined according the boundary conditions list in the
zero file. In the constant directory, is the Transport Properties file. The kinematic viscosity and
density are specified corresponding to the initial conditions of the setup. ControlDict is found in
system directory, it contains the start, end times and time steps for the code. The time range was
chosen in a way that help visualize the complete cycle of the flow change in the solution. The
time steps depend not only on the start and end time only, but the velocity and the cell size. They
play an important role in making the solution stable. The courant number tells how many cells a
wave traverses in one time step. In order to avoid convergence of the solution, it is best to use a
courant number less than one, this means that the flow will move through the cells within onetime step at a time.
7

Cr=u⋅ΔtΔx<1

(1)

Where u is the velocity, t is the time steps, x is the length interval. Once the environment
is set up, OpenFOAM is ready to run. The results of the solution are shown using ParaFoam.

Governing equations
RhoCentralFoam solver

Solver The solver adapted in this case of study is a density-based compressible flow
solver based on central-upwind schemes of Kurganov and Tadmor. The applications can be fully
discrete or semi-discrete methods and is based upon central differences. The velocity is solved
using an iterative solver that is using a smoother, in this case Symmetric Gauss Seidel method.

Boundary conditions
Total pressure

The pressure at the patch, the total pressure and dynamic pressure values can be adjusted
using the following equation, depending on the input desired to get.

Pp=p0−12u2

(2)

Where:
P = incompressible pressure at p patch[m2/s2]
P = incompressible total pressure [m2/s2]
U = velocity
The pressure pp which is the patch pressure is calculated based on the fixed total pressure
that is specified in the boundary condition. For every velocity value, patch pressure is adjusted
accordingly until it reaches a converged value. Total pressure is a fixed value condition that is
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directly calculated from the set up P0 and the local velocity. A single value is assigned to all the
elements in the flow for the case of uniform field.
Pressure inlet outlet velocity
This boundary condition is used if the pressure is specified at the faces boundaries. Using
this velocity Inlet Outlet, gives a zero gradient condition that is applied for the outflow, in which
fixed value condition for inflow is applied to the tangential components. (OpenCFD, 2017-2019)
This boundary condition help on having a velocity vector field that is well defined based on the
pressure.
Fixed value
Fixed value boundary condition prescribes a constant value to a certain boundary face in
the domain. Face values are evaluated according to:
φf = φrf

(3)

where
ϕf = Face Value
ϕrf = Reference Value
Zero gradient
This boundary condition applies a zero-gradient condition to either the velocity field or
the pressure field. If it is applied to a wall, then the fluid has zero velocity relative to the
boundary, in other word a no-slip condition.
| =0
Where r is the boundary
Cyclic boundary conditions
Cyclic boundary condition is used to couple between a pair of patches, and it can be
rotational or translational. This boundary condition requires same topology of patches, for
9

(4)

instance same number of cells, same length, and cell ratio distribution. It is handled using the cell
values adjacent to each pair.
Grids and boundary conditions
For this case of study, the test section is considered symmetrical, including the diffusers
wall collector. The mesh is built for only half the test section. (See figure 3). The mesh consists
of 3 small domains. The first domain is from the mid-test section to the end of the test section.
The second domain is between the start and end of the wall collector, covering all the shear layer
zone. And last not least the outside the wall collector section which consists of the atmospheric
pressure
The boundary condition of this case is generated in blockMesh as follows:
There is a total of 14 blocks. Creating the walls necessitated splitting the domain into small
blocks. These blocks were merged together using a cyclic boundary condition. The coordinates
of these cyclic cells were one number different from the adjacent, just like looking at the same
face from the other side. Using this technique, the boundary conditions can be adjusted with no
errors when reading blockMesh file.
Patch types used for this case in BlockMesh
•

Empty: Mainly generated for 2D and 1D designs. OpenFOAM uses this option to ignore
the planes that do not need a solution.

•

Cyclic: This allows two planes that are close to connect and share information as if they
are one.

•

Patch: Allows the face to have no geometric or topological condition specified.

•

Wall: Used for the information to not cross to the other side of the plane.

•

SymmetryLine: Generates a symmetry plane.
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Figure 2

CFD domain of analysis, showing the boundary conditions on the faces of the
numerical domain.

Blocks
In each block a number of cells were designed in each direction to make the flow
properties more visible, with a cell expansion ratio. The blocks that were mainly targeted are the
ones where the shear layer is concentrated. The cell spacing was adjusted in a way that the cells
match from small blocks to big cells, so that the information traverse the cells with no blockage.
Initial conditions
These entries correspond to specification of the patch faces for both pressure and
velocity. Fixed Value was only used for the input of velocity because the velocity and pressure
cannot be specified at the same time. If velocity is specified, the other variable must be gradient
11

at the same side. Otherwise the results will lead to numerical problems. In this solver the velocity
is put into equation to get the related Mach number specific to the inlet velocity. The initial
conditions were meticulously put together in a way that the solution of the solver meet the
desired output shown at the end. (See appendix)
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RESULTS FROM NUMERICAL ANALYSIS
Results
The computational domain was generated using OpenFOAM utility BlockMesh, from a
simple jet flow to a more complicated 2D geometry that matches the dimensions of the test
section of the closed return wind tunnel.

Figure 3

Closed wind tunnel configuration with an arrow that points to the area of study in
CFD. From NASA Glenn Research Center.
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Cases analysis
This first case represents the flow in the test section with a velocity of 50 ft/s, the flow is
considered laminar, compressible, and viscous. By setting a low velocity in the initial conditions,
the simulation starts at t=0 with boundary conditions set on their appropriate faces. As the time
steps start, the flow starts to generate a uniform flow field until it gradually reaches the velocity
of 50 ft/s, from the inlet to the outlet. As the time runs the results become more stable and the
simulation reaches a state where the flow is uniform everywhere. The graphs below show the
velocity magnitude and x direction of the flow. The horizontal axis shows the distance from the
SymmetryPlane which coincides with the center of the test section (1.21) to the outside of the
test section (0.3) which is approximately 10 inches in the atmospheric pressure. The vertical axis
is for Mach number since it is the default velocity input for the compressible solver
rhoCentralFoam. The number in the horizontal axis are the coordinates with which the numerical
domain was built. These coordinates are in the metric system. The domain of is vertically built
from 1.21 at the top to -5 at the bottom. The zero is in the middle of the domain and it is the
origin of the axis.
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Figure 4

Graphs exported from the computational domain at 50 ft/s showing from top,
bottom left, then bottom right, the changes of the flow starting from center of the
test section and going downstream.
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Figure 5

Exported Graphs at 75 ft/s from the computational domain
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Figure 6

Exported graphs at 100 ft/s from computational domain.
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Figure 7

Chris Hamm’s results showing the changes in the shear layer in vertical direction at
low speed

Figure 8

Chris Hamm’s results of the change in shear layer in vertical direction at high
speed
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Figure 9

Chris Hamm’s results showing constant velocity contours of shear layer change

The previous study done by Chris Hamm highlighted that at the downstream locations,
the shear layer behavior became more chaotic. Figure show clearly how the profiles become
very wavy at the downstream locations, leading to flow instability.
An unusual increase of velocity into the tunnel is remarked at the proximity of the
diffuser, which is explained later using numerical analysis. A separation point of the flow inside
the diffuser can be noticed separating the streamlines upward shown in red (high velocity) and
downward in blue (low velocity).
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Figure 10

Streamlines showing separation points at the entry of the diffuser

The separation comes both from the slot in the wall and the diffuser as shown from the
streamlines. These vortices formed inside the diffuser dissipate gradually as it moves to the
outlet.
It can be observed that the velocity gradually decreases outside the test section until it
reaches approximately 0 ft/s at a distance of 10 inches outside. It is also important to put into
consideration that the closer the flow is to the diffuser’s collector, the streamlines hit the wall
and return as vortices which explains the small peaks right outside the test section and the
negative velocity in the x direction.
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The increase of the velocity as was mentioned in Chris Hamm’s research make apparition
in the numerical results as well and can be explained as follows. This increase is due to the mass
conservation principle, as the streamlines gets closer to the diffuser, the streamlines gets tighter
and so the area between them. As we know from the conservation of mass, the mass flow rate
has to be the same in all locations, in order for the flow to keep its mass flow rate constant, the
velocity increases to keep that balance.
Diffuser with and without collector
A simulation without the diffuser wall collector was run in order to have a better
understanding of the flow behavior numerically and approach it to the experimental data. The
velocity rage for both cases was at 50 ft/s.
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Figure 11

Animation screenshots of the change of the flow in the numerical test section with
the diffuser installed
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Figure 12

Animation screenshots of the change of the flow in the numerical test
section without the diffuser.
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Figure 12 (continued)

As captured, the flow behavior seems to be more stable with the existence of the
collector. There is also less oscillations when the collector is present.
In the lack of the collector, the flow separation grows bigger and the velocity fluctuations
appear more visibly as the vortices keep moving downstream. The uniform free stream in the test
section mixes with the ambient air, this mixing un-stabilizes the flow inside the diffuser, which
results on unsteady flow, that is carried all along the closed return wind tunnel and reduces the
flow quality.
24

This shows that the wall collector serves to make the flow steadier inside the diffuser.
The wall collector helps in facilitating the airflow into the diffuser, which can be concluded from
the streamlines difference in both cases at the entrance of the diffuser.
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CONCLUSION AND RECOMMENDATION FOR FURTHER RESEARCH

As the numerical analysis is complete, some conclusions can be made based on these
results and can be compared to the last work done on the wind tunnel.

All the conclusions were based on the assumption of a compressible, steady, adiabatic,
viscous flow with a symmetry of the flow behavior in the test section between the diffuser wall
collector.

The analysis ended with a numerical explanation of the increase of the velocity near the
collector of the diffuser, which explains the velocity jump in the experimental measurements as
well. This explains also the results of Chris Hamm’s hot wire measurements done in 2009, which
he referred to it as an odd phenomenon.

The shear layer in the test section grows in a linear fashion and reaches a maximum of 10
inches outside the test section. The velocities used in the research ranged from 78 ft/s to 120 ft/s
which corresponded to differential pressure setting from 1 to 3. These results lead to the
conclusion that the collector helps in making the flow smoother and uniform inside the diffuser.

There are more projects that can be done on the wind tunnel to obtain a higher accuracy
with better instrumentation. A reproduction of the measurements of the current research needs to
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be done on the opposite side of the test section. Further investigation is required to analyze the
flow turbulence with the slotted walls, and the change of the shear layer.

These projects are adequate for undergraduate students and graduate students and will
help for a better understanding of the flow properties of this subsonic wind tunnel in Patterson.
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THE CODE OF THE NUMERICAL ANALYSIS
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BlockMeshDict
FoamFile
{
version
format
class
object
}
// * * * * * * *

2.0;
ascii;
dictionary;
blockMeshDict;
* * * * * * * //

convertToMeters 1;
vertices
(
(0 -5 0) //0
(1.19 -5 0)
(0 0.5 0) //2
(1.19 0.5 0) //3
(0 0.91 0)
(1.49 0.91 0) //5
(0 -5 0.1)
(1.19 -5 0.1)
(0 0.5 0.1)
(1.19 0.5 0.1) //9
(0 0.91 0.1)
(1.49 0.91 0.1) //11
(0 0.91 0)
(1.49 0.91 0) //13
(0 1.21 0)
(1.49 1.21 0) //15
(0 0.91 0.1)
(1.49 0.91 0.1) //17
(0 1.21 0.1) //
(1.49 1.21 0.1) //19
(1.19 -5 0) //20
(1.45 -5 0) //21
(1.60 -5 0) //22
(4 -5 0) // 23
(1.19 0.5 0) //24
(1.45 0.5 0) //
(1.60 0.5 0) //26
(4 0 0) //27
(1.49 0.91 0) //28
(1.65 0.88 0) //29
(1.73 0.87 0) //
(4 0.50 0) //31
(1.19 -5 0.1) //32
(1.45 -5 0.1) //33
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(1.60 -5 0.1) //34
(4 -5 0.1) //35
(1.19 0.5 0.1) //36
(1.45 0.5 0.1) //
(1.60 0.5 0.1) //
(4 0 0.1) //39
(1.49 0.91 0.1) //40
(1.65 0.88 0.1) //
(1.73 0.87 0.1) //
(4 0.50 0.1) //43
(1.49 0.91 0) //44
(1.65 0.88 0) //
(1.73 0.87 0) //
(4 0.50 0) //47
(1.49 1.21 0) //48
(1.65 1.21 0) //
(1.73 1.21 0) //50
(4 1.21 0) //51
(1.49 0.91 0.1) //52
(1.65 0.88 0.1) //
(1.73 0.87 0.1) //54
(4 0.50 0.1) //55
(1.49 1.21 0.1) //56
(1.65 1.21 0.1) //57
(1.73 1.21 0.1) //58
(4 1.21 0.1) //59
(-2 -5 0) //60
(0 -5 0) //61
(-2 0.5 0) //62
(0 0.5 0) //63
(-0.3 0.91 0) //64
(0 0.91 0) //65
(-2 -5 0.1) //66
(0 -5 0.1) //67
(-2 0.5 0.1) //68
(0 0.5 0.1) //69
(-2 0.91 0.1) //70
(0 0.91 0.1) //71
);
blocks
(
hex (0 1 3 2 6 7 9 8) (70 20 1) simpleGrading (0.3 .05 1)
hex (2 3 5 4 8 9 11 10) (70 50 1) simpleGrading (0.3 0.005 1)
hex (12 13 15 14 16 17 19 18) (70 30 1) simpleGrading (0.3 5 1)
hex (20 21 25 24 32 33 37 36) (15 20 1) simpleGrading (1 .05 1)
hex (21 22 26 25 33 34 38 37) (8 20 1) simpleGrading (1 .05 1)
hex (22 23 27 26 34 35 39 38) (50 20 1) simpleGrading (12 .05 1)

hex (24 25 29 28 36 37 41 40) (15 50 1) simpleGrading (1 0.005 1)
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hex (25 26 30 29 37 38 42 41) (8 50 1) simpleGrading (1 0.005 1)
hex (26 27 31 30 38 39 43 42) (50 50 1) simpleGrading (12 0.005 1)
hex (44 45 49 48 52 53 57 56) (15 30 1) simpleGrading (1 5 1)
hex (45 46 50 49 53 54 58 57) (8 30 1) simpleGrading (1 5 1)
hex (46 47 51 50 54 55 59 58) (50 30 1) simpleGrading (12 5 1)
hex (60 61 63 62 66 67 69 68) (40 20 1) simpleGrading (.5 .05 1)
hex (62 63 65 64 68 69 71 70) (40 50 1) simpleGrading (.5 0.005 1)
);
edges
(
);
boundary
(
inlet
{
type patch;
faces
(
(12 16 18 14)
);
}
outlet
{
type patch;
faces
(
(47 51 59 55)
);
}
leftside
{
type cyclic;
neighbourPatch leftside1;
faces
(
(2 8 10 4)
(0 6 8 2)
);
}
leftside1
{
type cyclic;
neighbourPatch leftside;
faces
(
(63 65 71 69)
(61 63 69 67)
);
}
righttside
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{
type patch;
faces
(
(27 31 43 39)
(23 27 39 35)
);
}
symmetry
{
type symmetryPlane;
faces
(
(14 18 19 15)
(48 56 57 49)
(49 57 58 50)
(50 58 59 51)
);
}
right1
{
type cyclic;
neighbourPatch left1;
faces
(
(44 52 56 48)
);
}
left1
{
type cyclic;
neighbourPatch right1;
faces
(
(13 15 19 17)
);
}

down1
{
type cyclic;
neighbourPatch down2;
faces
(
(12 13 17 16)
);
}
down2
{
type cyclic;
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neighbourPatch down1;
faces
(
(4 10 11 5)
);
}

slot1
{
type cyclic;
neighbourPatch slot2;
faces
(
(45 46 54 53)
);
}
slot2
{
type cyclic;
neighbourPatch slot1;
faces
(
(29 41 42 30)
);
}
left3
{
type cyclic;
neighbourPatch right3;
faces
(
(1 3 9 7)
);
}
right3
{
type cyclic;
neighbourPatch left3;
faces
(
(20 32 36 24)
);
}
walls
{
type wall;
faces
(
(24 36 40 28)
(28 40 41 29)
(30 42 43 31)
(44 45 53 52)
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(46 47 55 54)
(3 5 11 9)
(60 66 68 62)
(62 68 70 64)
(64 70 71 65)
);
}
farfield
{
type wall;
faces
(
(0 1 7
(20 21
(21 22
(22 23
(60 61

6)
33
34
35
67

32)
33)
34)
66)

);
}
frontAndBack
{
type empty;
faces
(
(0 2 3 1)
(2 4 5 3)
(6 7 9 8)
(8 9 11 10)
(12 14 15 13)
(16 17 19 18)
(20
(21 25
(22
(24
(25
(26

24
26
26
28
29
30

25 21)
22)
27 23)
29 25)
30 26)
31 27)

(32 33 37 36)
(33 34 38 37)
(34 35 39 38)
(36 37 41 40)
(37 38 42 41)
(38 39 43 42)
(44
(45
(46
(52
(53
(54

48
49
50
53
54
55

49
50
51
57
58
59

45)
46)
47)
56)
57)
58)
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);
}
);
mergePatchPairs
(
);
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P file
FoamFile
{
version
format
class
object
}
// * * * * * *

2.0;
ascii;
volScalarField;
p;

dimensions

[1 -1 -2 0 0 0 0];

internalField
boundaryField
{
inlet
{
type
}
outlet
{
type
p0
value
}
leftside
{
type
}
leftside1
{
type
}
righttside
{
type
}
symmetry
{
type
}
right1

* * * * * * * * * * * * * * * * * * * * //

uniform 1;

zeroGradient;

totalPressure;
uniform 1;
$internalField;

cyclic;

cyclic;

zeroGradient;

symmetryPlane;
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{
type
cyclic;
}
left1
{
type
cyclic;
}
down1
{
type
cyclic;
}
down2
{
type
cyclic;
}
slot1
{
type
cyclic;
}
slot2
{
type
cyclic;
}
left3
{
type
cyclic;
}
right3
{
type
cyclic;
}
walls
{
type
zeroGradient;
}
farfield
{
type
zeroGradient;
}
frontAndBack
{
type
empty;
}
}
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V file
FoamFile
{
version
format
class
object
}
// * * * * * *

2.0;
ascii;
volVectorField;
U;

dimensions

[0 1 -1 0 0 0 0];

internalField
boundaryField
{
inlet
{
type
value
}
outlet
{
type
value
}
leftside
{
type
}
leftside1
{
type
}
righttside
{
type
value
}
symmetry
{
type
}

* * * * * * * * * * * * * * * * * * * * * //

uniform (0 0 0);

fixedValue;
uniform (0.06 0 0);

pressureInletOutletVelocity;
uniform (0.0706 0 0);

cyclic;

cyclic;

fixedValue;
uniform (0 0 0);

symmetryPlane;
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right1
{
type
}
left1
{
type
}
down1
{
type
}
down2
{
type
}
slot1
{
type
}
slot2
{
type
}
left3
{
type
}
right3
{
type
}
walls
{
type
value
}
farfield
{
type
value

cyclic;

cyclic;

cyclic;

cyclic;

cyclic;

cyclic;

cyclic;

cyclic;

fixedValue;
uniform (0 0 0);

fixedValue;
uniform (0 0 0);

}
frontAndBack
40

{
type
}

empty;

}
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T file
FoamFile
{
version
format
class
object
}
// * * * * * *

2.0;
ascii;
volScalarField;
T;

dimensions

[0 0 0 1 0 0 0];

internalField
boundaryField
{
inlet
{
type
value
}
outlet
{
type
inletValue
value
}
leftside
{
type
}
leftside1
{
type
}
righttside
{
type
}
symmetry
{
type
}

* * * * * * * * * * * * * * * * * * * * * * //

uniform 1;

fixedValue;
uniform 1;

inletOutlet;
uniform 1;
uniform 1;

cyclic;

cyclic;

zeroGradient;

symmetryPlane;
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right1
{
type
}
left1
{
type
}
down1
{
type
}
down2
{
type
}
slot1
{
type
}
slot2
{
type
}
left3
{
type
}
right3
{
type
}
walls
{
type
}
farfield

cyclic;

cyclic;

cyclic;

cyclic;

cyclic;

cyclic;

cyclic;

cyclic;

zeroGradient;

{
type
}
frontAndBack
{
type
}

zeroGradient;

empty;

}
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Velocity boundary conditions
internalField

uniform 1;

boundaryField
{
inlet
{
type

zeroGradient;

}
outlet
{
type

totalPressure;

p0

uniform 1;

value

$internalField;

}
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Pressure boundary conditions

internalField

uniform (0 0 0);

boundaryField
{
inlet
{
type

fixedValue;

value

uniform (0.06 0 0);

}
outlet
{
type

pressureInletOutletVelocity;

value

uniform (0.0706 0 0);

}
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Solution method
solvers
{
"(rho|rhoU|rhoE)"
{
solver

diagonal;

}

U
{
solver

smoothSolver;

smoother

GaussSeidel;

nSweeps

2;

tolerance

1e-09;

relTol

0.01;

}
}
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